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Sleebowe^tiog lenses wi£h latge optical power 



Introduction 

I& electowettin^based lenses tibe optical power of fbe lend dependa on the cimrainre of the 
medscus andthe difiTecence inrefl^tivaimficesbetv^ oottdaetiveandnon^^cmdiioiivo 
Uquid$» as can be seeain equation (1): 
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r 

Equation (J), with Sihe optfcal power cfthe memscm, r the radius cfcurvamr^ cfihe 
meniscus, ni r^ractive index ofihe novrconduc^e WpOdmdni tha r^hzetiue index of 

the condtictive liquid 

From equation (1) follows that by increasing flie lefieartive index of tbo ncm-oondoctlve 
liquid, the optical power of the eledxowettiog lens can be increased (see S&m I), 
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Figure 2; Schematic repteseniaUon of an electrowetttng based lens 
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Tho optical power chasige depcmds on the difEerenoe in refiradive indices Ijetwerai fiie 
coiiducting an4 non-oonductive liqoids and on the dhange in curvature of the meniscas. Par a 
zoom leas bas^ on electrowettiDg the ma^dmum attainable zoom &ctxa is strongly related to 
5 tti6 chatige in optical power of the eleotiowetting IswoB. Therefore, electrowettiug lens^ tiiat 
can pmduce large optical power variations are zequired. Siiace the maximiim diange in 
ourvatuie is detennined by flie fiize of the eteetiowetting cell, tiie change in optical power 
caused by change in curvature ia limits for an electrowettmg lens. A larger optical pow^ 
dxange can be achieved by enlarging the difference in refiactive index between tiie 

10 condoctive liquid and the non-conductive liquid. The non-condudive hqnids usually ^lied 
in eleotrowetting lens^ (e.g. aUcanes or silicone oils) l^e only a sU^itly larger refiactive 
indeiK (n=I.37-'1.43) than flie usually applied condoctive liquids (e^g. wat^» n»1^3). 
Typically the diffiorence in refiactive index is below QJ. There are lenses desc^ed in 
literature wifli a larger dif^ence, such as water and chloxo-n^htalene^ but these lenses do 

IS not show good electrowetdng behaviour, especially fi>r DC voltages. 

Awther advantage of liquids with a la^ difference in xefiactlve index is that the required 
cumture for a certain optical pow^ can be made lower, thus tedudi^ig the sensitivity for 
optical abmation in the optical system. Moreover^ ttie required actuation voltage to achieve a 
certain diange in cptioal power is lower. 

20 

Teohnlical problem 

The problem is thus to find non-conducting liquids with hi^ refiactive indices suitable for 
electrowettmg lenses. This require that Oiese liquids are transparent, non-miscible with the 
conductive Hqaid;» have a density siibstaxitially shnilar ^ 
25 proper meltmg and boilmg points and sbiow a good dectrowetting behaviour. 



Solution 

We propose to use non-conducting liquids or solutions that contain phenyl groixps, as die 
non-polar liquid in an electeowetting based lens. The phenyl groins cause high refiactive ' 
30 indices hi the liquids or solutions and have the desired properties fi)r d^trowetting lens^ 
(such as hi^ transparency, non-nnscibility with water, and good eleotrowetting behaviour). 
Some CTcamples of non-condnctang liquids or solijble solids containing phenyl groiq>s are 
giv@iUntd)lel: | 
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State 


Itsfeictivo 
index 




liquid 


1.551 




Solid 


1^866 


3,5,7- 

fn nil en vlti fittdHlGthvln BDt&siloXSIlfi 


liquid 


1^01 


1riplienyltrim0£M<^ycl<>lnsi^ 


liquid 


1.5402 


l,l,3,S,5-penta|)henyH,3,5- 
trimeth^dtrisiloxdiie 


liquid 


1.5797 


TshenyltiiinetiivlsUaiie 


liquid 


1.4d08 


tolneae 


Liquid 


1.496 




SoUd 


1.577 


bipheixyl 


SoUd 


1.58S 



Ibtble 1: Materials containing phenyl groups 



Etam ^le 1 it fbllaws that these liquids wifli pheiisd groups bave xefiactive indices Ig^ically 
5 larger than 1.49, tnairing ihem suitable fbr eleotrowetttag lenses wifli large optical power 
range. Preferably, the subset with a refiaotive index greater than 1.5 is particularly suited 
because th^ allow xnimatuiised wxm leases fi»r portable applications (for instance mcbUe 
plume) with zoom factor greater than two. Bven more pre&iiied are ^ese liquids with phenyl 
groups with reftacdve index n?>1.55, fbr instance l,l,5^-tetraphenyl-l^^3- 
10 tetramethyltrisiloxane. 

Pref^^ly, the non-condootrng liquid is a silioone oil, Le. a siloxane^ having phenyl groins* 
Such an oil reoudns long in the liquid state on adding more phenyl groiq)s. 



Application 

15 Non-conduoting liquids that contain phenyl groups may be used in any dectiowetfing 
element, in particular eleotrowetting variable-focus lenses and zoom lenses, diaphragms, 
gtatmgSp filters and beam deflectors. Bxamples of such devices have been disclosed in 
int^flrinnftl pat^ application no. IB03/0(Xi22 <PH-NL020163). Buropean patent 
applications no, 02078939-2 (PH-NU)20947), no. 020803S7.0 (PH-.NL0212S1) and no. 

20 02080060.3 (PH-NL021187). These electrowetting elements can be used in devices such as 
optical scanning device^ oameras^ mini-cameras in mobile phones^ displays^ etc. 
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1 An optioal dezn^ comprising a fhiid chamber including a ftst body of a first fbud 
and a second body of a second fluid, ttzc two bodies hoing separated by a meniscns, lb& 

5 position and/or of which is electnoally conlrollable» Iho fi^ fluid being eledzioally 
condactbg and the second fluid being electrically non^cootductiDg, cbaxacteilzed in that -Sie 
second fluid essentially conq^riaes molecule having a phenjd grovp. 

2 An opti^ element as claimed in Claim 1, wherein tfaa second fluid is a ailic(»x oil 
10 having a pbcsgsylgToi^. 



3 An optical dement as claimed in daim 1, in ^ch flie molecule having a phen^d 
gcojxp do not compzise phenyl metbjd sUoxane. 
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